In our study, mathematical model of finite difference method for the magnetic field response from a two−dimensional continuously conductive ground is presented. The magnetic field at various locations are plotted by assuming the Earth structure having a two−dimensional exponential conductivity profile. There is a source providing a Direct Current (DC) voltage and receiver on the ground surface. Finite difference technique is applied to solve the partial differential equation. MATLAB programing is used to perform both values and graphs of magnetic field at various locations. The results show the intensity of magnetic field for cross−section of the ground structure very well. The behaviour of magnetic field clearly performs the relation to the conductive ground. The research results are very useful in geophysical exploration since normally we can measure magnetic field on the ground surface. The magnetic field can be able to imply the ore under the ground via the technique of inverse problem.
Introduction
At present, natural resources are utilized extensively such as minerals, petroleum and groundwater. Geophysical survey is very important to geological structure survey or exploring the natural resources. During the past several decade, many researchers such as Chen and Oldenburg [2] derived the magnetic field directly by solving a boundary value problem of a horizontally stratified layered Earth. Kim and Lee [1] derived a new resistivity kernel function for calculating apparent resistivity of a multilayered Earth with layers having exponentially varying conductivities. Siew and Yooyuanyong [4] also used this assumption to create the mathematical model of electromagnetic response of a conductive thin disc beneath an exponentially varying conductive overburden. Chumchob and Yooyuanyong [3] employed this conductivity variation to formulate the mathematical model of electromagnetic sounding for a conductive circular cylinder ore body embedded in an inhomogeneous conducting half-space. Sripanya and Yooyuanyong [6] derived solutions of the steady state magnetic field due to a DC current source in a layered Earth with some layer having exponentially or binomially or linearly varying conductivity.
In this research, we present a mathematical model of Finite Difference Method (FDM) for the magnetic field from a two−dimensional continuously conductive ground. The magnetic field solutions are computed and plotted to show the intensity of magnetic field at many locations of the ground.
Formulation of mathematical problem
Geometric model of the problem which we considered is shown in Figure  2 Cylindrical coordinate system (r, φ, z) is introduced with the z-axis positive downward, where z represents the depth,ê r ,ê φ andê z are basis vectors in r, φ and z direction, respectively. We note that the plane z = 0 is the ground surface with the receiver located at r from the source.
For the half space z > 0, it is a region of the ground where the conductivity is given by σ(r, z) = σ 0 e (az+br) ,
here σ 0 is a positive value and a, b are constants.
From Maxwell's equations, the relationship between the electric and magnetic fields written in cylindrical coordinates (r, φ, z) are as follows.
where E is the electric field intensity (Volt/meter), H is the magnetic field intensity (Ampere/meter) and σ is conductivity (Siemens/meter). For the gradient operator, in cylindrical coordinates, is defined by
Substituting equation (2) into (1), we obtain
The equation (3) can be separated into three components as
where H r , H φ and H z are the components of H inê r ,ê φ andê z directions, respectively. Since the problem is axis symmetric and H has only the azimuthal component in cylindrical coordinates, for simplicity, we use H to represent the azimuthal component in following derivations. Simplifying equation (4) yields
Substituting σ(r, z) = σ 0 e (az+br) to equation (5) , we obtain
The FDM proceeds by replacing those derivatives in the DEs by finite difference approximations, which are algebraic in form. They relate the value of dependent variable at a point in the solution region to the values at some neighboring points. Using equation (6) , our problem becomes
The boundary conditions of problem (7) and the notation of the magnetic field intensity is denoted by Tunnurak et al. [5] .
We define H i,j = H(r i , z j ) to denote the associated grid function. To discretize equation (7), we replace the r− and z−derivatives with the central finite difference approximation as follows,
The linear system can be written in matrix form as
where H represents the unknown vector magnetic field, A is a coefficient matrix and F is a vector constant.
Numerical Results
Numerical results of magnetic field intensity from equation (7) are obtained by using the finite difference method. There is a source providing a DC voltage and magnetic field receiver on the ground surface which picks up the signal from r = 10 to r = 190 m. The depth z start from the ground surface z = 0 to z = 180 m. The grid size h = 20 m. The constants a and b are real number. The magnetic field intensity is computed by using MATLAB programing.
Consider for the case of an exponentially decreasing conductivity σ(r, z) = σ 0 e (az+br) when a < 0 and b = 0, the graphs of the relationship between magnetic field intensity and spacing of source -receiver at various depths are plotted as shown in Consider for the case of an exponentially increasing conductivity σ(r, z) = σ 0 e (az+br) when a > 0 and b = 0, the graphs of the relationship between magnetic field intensity and spacing of source -receiver at various depths are plotted as shown in Figure 3 .4 and 3.5. From Figure 3 .6 (a) to (c), when a = 0.001, 0.01 and 0.05 m −1 , respectively, the red color shows the area when the values of magnetic field is high and the blue color shows the area when the values of magnetic field is low. The results agree to Tunnurak et al. [5] .
Consider for the case of an exponentially decreasing conductivity σ(r, z) = σ 0 e (az+br) when a < 0 and b = 0.05, the graphs of the relationship between magnetic field intensity and spacing of source -receiver at various depths are plotted as shown in Figure 3 .7 and 3.8. From Figure 3 .12 (a) to (c), when a = 0.001, 0.01 and 0.05 m −1 , respectively, the red color shows the area when the values of magnetic field is high and the blue color shows the area when the values of magnetic field is low.
Consider for the case of an exponentially decreasing conductivity σ(r, z) = σ 0 e (az+br) when b < 0 and a = 0, the graphs of the relationship between magnetic field intensity and spacing of source -receiver at various depths are plotted as shown in Figure 3 .13 and 3.14. Consider for the case of an exponentially increasing conductivity σ(r, z) = σ 0 e (az+br) when b > 0 and a = 0, the graphs of the relationship between magnetic field intensity and spacing of source -receiver at various depths are plotted as shown in Figure 3 .16 and 3.17. 
Conclusions
The aim of this research is to present a mathematical model by using the Magnetometric Method with 2−dimensional continuously conductivity model as σ(r, z) = σ 0 e (az+br) . The relationship between magnetic field and electric field are used by considering the Maxwell's equations. The magnetic field intensity is obtained by solving partial differential equation. The solution are obtained by using finite difference method. MATLAB program is used to calculate and plot graph for the values of magnetic field intensity. The behavior of magnetic field intensity will be performed at different depths and locations. In our research, the behavior of magnetic field decreases to zero when the depth increases. As well as the case of increasing the space between sourcereceiver, the magnetic field decreases to zero too. The values of a and b are important role for the conduction of the ground and effect to the magnetic field quantities as well. For the high conductive ground (a and b > 0), the response of magnetic field will be very strong. In the opposite direction (a and b < 0), the response field will be very weak.
